ABSTRACT
INTRODUCTION
Red blood cell distribution width (RDW) is a numerical measure of the variability in size of circulating erythrocytes (1) . This parameter is routinely reported as part of the complete blood count (CBC), but its use is generally restricted to the differential diagnosis of anemia (2) . In a recent study, RDW was significantly related with major cardiac adverse events (MACE) in patients with heart failure even after the adjustment of hematocrit values (3) . In another studies, researcher have showed that increased RDW is independently related long-term mortality in patients with coronary artery disease (CAD) without anemia (4, 5) . But, in these studies, underlying mechanisms related to increased MACE remained unclear. In a last study intended for the pathophysiological mechanism, carotid intima media thickness has been found to be related to RDW in patients with hypertension (6) . Although there are several studies regarding the association between RDW and the vascular events, information is scant about possible role of RDW in cardiovascular system. We aimed to investigate whether RDW is related with the severity and extent of angiographically assessed CAD.
MATERIALS AND METHODS
The present study was cross-sectional and observational. Two hundred ninety and six stable eligible patients who underwent coronary angiography with a suspicion of CAD at our institution between October 2009 and June 2010 were enrolled consecutively. All patients have chest pain or angina equivalent symptoms with either positive treadmill test or myocardial perfusion study. Two hundred and nine (71%) of 296 patients had CAD (men 70%, mean age ± SD: 61 ±11yrs) and 87 patients (29%) had normal coronary arteries (NCA) without any atherosclerotic lesion with visual assessment (men 48%, 52±11yrs).
Whole blood count (WBC) and biochemical markers, which were obtained at most within one week before coronary angiography, were used for analyses. Whole blood counts were measured by an automated hematology analyzer (Coulter Gen-S, COULTER Corp, Miami, USA). Absolute cell counts were used in the analyses. Coronary atherosclerotic burden was determined by Gensini's score which considers both the extent and the severity of the lesions at coronary angiography (7) . This scoring system grades the stenosis in the epicardial coronary arteries (1 for 1-25% stenosis, 2 for 26-50%  stenosis, 4 for 51-75% stenosis, 8 for 76-90% stenosis,  16 for 91-99% stenosis, and 32 for total occlusion) and multiplies this number by a constant number which is determined according to the anatomical position of the lesion.
Patients with congestive heart failure (n=19), recent acute coronary syndrome either with or without STsegment elevation (within one month before enrollment)(n=53), previous percutaneous coronary intervention (n=23), significant valve disease (n=12), symptomatic peripheral vascular disease (transient ischemic attack, stroke, intermittent claudication, peripheral revascularization, or amputation) (n=17), prior coronary by-pass grafting operation (n=15), congenital cardiac disorders (n=3), cardiomyopathies with dilated or hypertrophic (n=5), chronic kidney disease (serum creatinin<2 mg/dl) (n=13), evidence of ongoing infection or inflammation (WBC>10.000mm-3), hematological disorders including anemia (Hg<12 mg/dl) (n=43), nutritional deficiencies (iron, vitamin B12 and folate deficiency), hyperthyroidism (n=3), hypothyroidism (n=4), known malignancy, isolated coronary artery ectasia (n=9), coronary slow flow (n=13), patients having body mass index (BMI) greater than 42 were excluded from the study.
Statistical analysis
Continuous variables were given as mean ± SD; categorical variables were defined as percentage. Data were tested for normal distribution using the KolmogorovSmirnov test. The Student's t-test was used for the univariate analysis of the continuous variables and the χ2 test for the categorical variables. Mean values were compared by ANOVA among different groups. Receiver operating characteristics (ROC) analysis based on the results of coronary angiography after comparing sensitivity and specificity at different cutoff values determined an optimal cut-off for the detection of CAD by RDW. Logistic regression with Enter method was used for multivariate analysis of independent variables. The variables which have significant p values (p<0.05) and marginal insignificant p values (p<0.1) in univariate analysis were included in the multivariate analysis. All tests of significance were two-tailed. Statistical significance was defined as P < 0.05. The SPSS statistical software (SPSS 15.0 for windows, Inc., Chicago, IL, USA) was used for all statistical calculations. Table 2 ). When 14.8% was accepted as the cut-off value for RDW, the sensitivity and the specificity for the detection of CAD was 68% and 52%. When we performed multiple logistic regression analysis including age, gender, presence of HT, DM, smoking, family history, hyperlipidemia, HDL, Creatinine, c-reactive protein (CRP), neutrophils and RDW to determine the independent predictors of CAD, we found a positive independent relationship between age (p<0.001), gender (p<0.001), family history of CAD (p=0.009) and RDW (p=0.03), and CAD (Table 3) .
DISCUSSION
This study aimed to investigate whether RDW is related with the severity and extent of CAD. We found that RDW values were significantly higher in the patients with stable CAD compared to the patients with normal coronary arteries at coronary angiography. Increased RDW values were also significantly related with the severity of coronary artery disease. This increase in RDW was found to be independent of other confounding risk factors, and for first time was described in current study.
Red cell distribution width is a marker of the variability in the size of circulating red cells (anisocytosis) and is routinely reported by analysers as part of the routine CBC (1). The formula for RDW is [standard deviation of red cell volume/mean cell volume] x 100. Thus elevated RDW means that there is an increased heterogeneity in size of red cells (RBCs) in the peripheral blood (8, 9) . Elevated RDW levels can be seen in hemolysis, nutritional deficiencies such as iron, vitamin B12, and folate, or after blood transfusion (10) . In thrombotic thrombocytopenic purpura, inflammatory bowel diseases and pregnancy, RDW levels can be high (11) . Therefore in the present study, the all known secondary confounding factors for RDW were excluded from study. Thus in the absence of anemia and other secondary confounding factors, the heterogeneity of red blood cell sizes was found to be associated with the severity and extent of CAD.
A recent study was aimed to evaluate the association between RDW and carotid artery atherosclerosis in people with hypertension. A close relationship between high RDW and intima media thickness, and the incidence of carotid plaque was identified (6). This study was only conducted in patients with hypertension and carotid intima media thickness was used to be a surrogate marker for atherosclerosis. In this way, coronary angiographic data was not provided to show clearly the association between RDW and the severity and extent of CAD. Although the relationship between RDW and cardiovascular mortality was determined, the underlying pathophysiological mechanisms have remained unclear. In these studies, investigators hypothesized that higher RDW levels might reflect underlying chronic inflammation, which would result in higher cardiovascular risk.
At the present time, it is well know that atherosclerosis is chronic inflammatory disease and varied causative cytokines such as TNF-α, IL-1b, and IL-6 are released in its process (11, 12) . These increased inflammatory cytokines in blood stream may have a suppressing effect on erythropoietin (Epo) and hemoglobin synthesis that this situation causes chronic inflammatory anemia.
Previous studies have demonstrated that inflammatory cytokines could modulate erythropoiesis through two pathways: first, by inhibition of Epo gene transcription at the kidneys and liver; and second, by suppression of erythroid cell maturation at the bone marrow. Research in hypoxic-perfused rat kidney models shows that renal Epo production is vulnerable to suppression by TNF-α, IL-1b, and IL-6, while embryonic hepatoma cell lines are vulnerable to suppression by TNF-α and IL-1b only. Suppression of erythropoiesis occurs in bone marrow by inflammatory cytokine due to blockage of erythroid progenitor cell proliferation and pro-erythroblast maturation. The inflammatory cytokine modulation on bone marrow erythroid progenitors desensitizes the cells to Epo, which blocks its anti-apoptotic and pro-maturation effects (13) (14) (15) . Therefore, decrease in Epo release causes fewer mature or immature RBCs production and release into circulation. Another possible mechanism is the increased levels of inflammatory cytokines having impacts on iron metabolism and bone marrow function (11, 12) . RDW is related to the proliferative responses of erythropoiesis and will rise in similar fashion with the reticulocyte count during increased production of immature RBCs (16) . In a recent study (17), Gotsman et al. have shown that TNF-α and IL-6 levels are related to Gensini score. In our opinion, these increased cytokines have also destructive and deforming effects on the maturation of erythroid cells, by which they may contribute to increase in RDW levels.
In our study, we found that RDW was related with the severity and extent of CAD independent of CRP and circulating inflammatory cells. This finding is important because shows that RDW might not simply represent chronic non-specific inflammatory status. We applied more specific inclusion and exclusion criterions for the enrolment of patients and our study results may support existence of a more specific relationship between RDW and CAD rather than non-specific relation. On the other hand, in consequence of more intensive medical drug use in our study, the effects of CRP and inflammatory cells on RDW and their relationships with CAD may had been blunted in multivariate analysis. If this speculative opinion is true, no effect of medical drugs on RDW may Of late years, RDW level was searched in patients with chronic heart failure, previous MI, primary PCI and also broad-based community screening studies and found that RDW is related to mortality even in patients without anemia (3) (4) (5) (18) (19) (20) . Because all previous studies have provided the mortality and morbidity information related to RDW, novel pathophysiologic insight for underlying mechanisms are still speculative, and there is not any proved evidence for the possible causative role of RDW for the development of CAD and increased allcause mortality.
Study limitations
Our study had some limitations. First, study population was relatively small. Larger study population would provide higher statistical power. The main limitation of our study is that it does not explain the exact mechanism of relation between elevated RDW values and the severity and extent of CAD. Although we found a relation between RDW and CAD, which is independent of other circulating inflammatory cells, CRP and other CVRFs we do not have any data regarding B-type natriuretic peptide, other pro-inflammatory cytokines, plasma levels of angiotensin II, Epo and markers of oxidative stress. To decrease confounding factors for RDW, we used more extensive specific inclusion and exclusion criterions for the enrolment of patients. However, some confounding factors were significantly different among study groups. Therefore, we performed multiple regression analysis to overcome this issue. Lastly, in our study, control group included the patients who are not completely normal, because although they have angiographically normal coronary arteries they still have cardiac risk factors or may have cardiac syndrome-X. Therefore, the statistical differences would be difficult to determine between normal and pathologic group. Otherwise, our study population proved many significant relations among study groups.
In conclusion, our results show that plasma RDW is significantly higher in patients with CAD. Although we cannot conclude the underlying pathologic process of RDW, we believe that these findings may pave the way for further studies searching the role of RDW in atherosclerosis.
